ABSTRACT. The impact of complete and incomplete colonic obstruction on the short-and long-term outcomes of malignant colorectal cancer has not yet been elucidated. The aim of this study was to investigate whether there was a difference in the impacts of the 2 types of obstruction on the short-and long-term outcomes of colorectal resection. This study included 224 colorectal cancer patients (162 patients with incomplete obstruction and 62 with complete obstruction) with left-sided malignant colonic obstruction who underwent surgical therapy between February 2007 and September 2012. The short-and long-term outcomes of surgical therapy were analyzed. No significant difference was found between the 2 groups with regard to short-term outcomes such as the curative resection rate (80.86 vs 70.97%, P = 0.109), hospital stay time (24.20 ± 16.01 vs 24.19 ± 12.06, P = 0.999), and the overall and respective complications (32.72 vs 46.77%, P = 0.051). Furthermore, no significant difference was found between the 2 groups with regard to long-term outcomes including the 1-, 3-, and 5-year survival rates (P = 0.089), recurrence rates (P = 0.711), and recurrence-free survival rates (P = 0.440). The 2 types of obstruction, i.e., complete and incomplete left-sided malignant colonic obstruction, had no impact on the short-and long-term outcomes of colorectal resection. Similar therapeutic methods can be used for treating both types of obstruction.
INTRODUCTION
It has been estimated that approximately 1 million new cases of colorectal cancer (CRC) with 500,000 CRC-related deaths occur annually (Ma et al., 2011; Siegel et al., 2012) . Furthermore, the mortality and morbidity rates of CRC have been rising in recent years (Raine et al., 2010; Siegel et al., 2012) ; therefore, CRC represents the third most commonly diagnosed malignant carcinoma and is the fourth most frequent cause of mortality from malignant carcinoma (Liu et al., 2011) . The overall incidence of CRC is high at 5% in the general population, whereas the overall 5-year survival rate is less than 60% (Weitz et al., 2005) . Furthermore, the lifetime risk of developing CRC is estimated to be up to 6% in normal people (Jemal et al., 2008) . In fast developing countries like China, especially in Guangzhou, Beijing, Shanghai, and other major cities, the lifestyles of the general population have significantly altered, and therefore, CRC morbidity rates have rapidly increased over the recent decades (Sung et al., 2005; Zhang et al., 2012) . Moreover, CRC presents as low rectal cancer in a high proportion of younger Chinese patients, and thus, it poses a serious threat to the Chinese population (Xu et al., 2010) .
Most patients with CRC are not diagnosed until the disease is at an advanced stage with the presentation of intestinal obstruction or other emergency situations, owing to the absence of early typical symptoms and signs (Liu et al., 2011) . Another reason may be that symptoms such as nausea, vomiting, and colicky abdominal pain are common and may be difficult to manage and cause significant physical distress and demoralization (Soriano and Davis, 2011) . Approximately 7-47% of patients with CRC may present colonic obstruction when diagnosed, with most of the patients presenting left-sided malignant colonic obstruction (LMCO) (Smothers et al., 2003; Coco et al., 2005) , and in some patients, colonic obstruction may be the first symptom that prompts them to visit their doctor. Moreover, patients with an advanced stage of CRC are at a high risk of postoperative recurrence (Rahbari et al., 2012) , which may cause colonic obstruction needing re-colectomy.
Although therapeutic management of LMCO includes hydration, nutrition, and endoscopic palliative options, surgical resection is still considered the best and final therapeutic option (Park et al., 2011) . As per the guidelines set by the consensus conference of the world society of emergency surgery and peritoneum and surgery society (Ansaloni et al., 2010) , when neoadjuvant therapy could be expected, loop colostomy and staged procedure should be adopted in case of a dramatic scenario. Hartmann's procedure should be performed in case of a high risk of anastomotic dehiscence. Subtotal and total colectomy should be attempted in case of cecal perforation or synchronous colonic neoplasm. Primary resection and anastomosis with manual decompression could be considered as the procedure of choice. Colonic stents represent the best option when skills are available. A recent randomized controlled trial indicated that colonic stenting has no decisive clinical advantages over emergency surgery, except that the emergency surgery could be changed to a selective procedure over the course of colonic stenting (van Hooft et al., 2011) . Furthermore, to some extent, the change from emergency surgery to a selective one could cause a change from complete LMCO to incomplete LMCO, indirectly indicating that there is no difference in the outcomes between the surgery for complete LMCO and that for incomplete LMCO. However, as yet, there is no direct evidence for comparing the short-and long-term outcomes between the surgery for complete LMCO and that for incomplete LMCO.
Our previous study and other related studies have reported that differences were observed in the postoperative mortality rate, recurrence rate, 5-year survival rate, and proportion of liver metastasis between CRC patients with and those without obstruction (van Hooft et al., 2011; Yang et al., 2011) . Colonic obstruction is an independent indicator of survival and postoperative recurrence in CRC patients, and patients with CRC obstruction have a worse overall survival rate with a high postoperative recurrence rate than do the control group patients . In our present study, we investigated the impact of complete and incomplete LMCO on the short-and long-term postoperative outcomes of colorectal resection, in order to provide more information on the treatment of the 2 types of LMCO.
MATERIAL AND METHODS

Patients
All patients who presented left-sided colonic obstruction and underwent colectomy between February 2007 and September 2012 at the Sixth Affiliated Hospital of Sun Yat-Sen University, formerly known as the Sixth People's Hospital of Guangzhou, were reviewed for inclusion in our study.
For definitive diagnosis before treatment, patients with suspected left-sided colonic obstruction underwent routine physical examination, laboratory tests, and imaging studies including 3-phase contrast-enhanced computed tomography (CT), magnetic resonance imaging (MRI), and colonoscopy. Thereafter, final diagnosis was made by comprehensive analysis of patient medical history, physical examination findings, abdominal CT scan results, colonoscopy features, and surgical findings as previously described . Death occurring within 30 days after the colectomy was referred to as postoperative mortality, and cases of postoperative mortality were excluded from the survival analysis . All causes of death were included in the study, and the overall survival rates at 1, 3, and 5 years were considered as the crude survival rates. The FOLFOX regimen was considered the firstline regimen for adjuvant chemotherapy in patients with TNM stages II and III within 1 month after the surgery was performed. Curative surgery was performed when there was complete resection of tumor with no local or distant residual malignancy at the completion of the procedure, whereas palliative procedure was performed when there was residual malignancy or metastasis present after the completion of the operation .
The characteristics and pathological findings of the patients were recorded (Table 1) , including age, gender, body mass index (BMI), site of CRC (descending colon, sigmoid, or rectum), chemotherapy, length to anus edge, tumor size, tumor movement, macroscopic type (polyploidy, ulcerative, or infiltrative), depth of invasion [T1: The cancer grows through the muscularis mucosa and extends into the submucosa; T2: The cancer grows through the submucosa and extends into the muscularis propria (thick outer muscle layer); T3: The cancer grows through the muscularis propria and extends into the outermost layers of the colon or rectum, but not through them. It does not reach any nearby organs or tissues; or T4: The cancer grows through the serosa or through the wall of the colon or rectum and attaches to or invades into nearby tissues or organs], nodal involvement, liver metastasis, surgical approach, histological grade (well, moderately, or poorly differentiated), TNM stage, histological type (adenocarcinoma, mucinous adenocarcinoma, or signet ring cell tumor), peritoneal carcinomatosis, surgical approach (laparoscopy or not), and tumor biomarkers (carcinoembryonic antigen, carbohydrate antigen 19-9, carbohydrate antigen 125, carbohydrate antigen 153, and α-fetoprotein). Furthermore, evaluation variables were recorded (Table 2) , which included the curative resection rate; hospital stay time; 1-, 3-, and 5-year survival rates, recurrence rates, and recurrence-free survival rates; and complications such as death, peritonitis, pneumonia, urinary tract infection (UTI), incisional infection, intra-abdominal hemorrhage, intraintestinal hemorrhage, uroschesis, deep vein thrombosis (DVT), postoperative intestinal obstruction, ureteral injury, anastomotic leakage, stoma complications (stenosis, necrosis, exodus, retraction, and hematoma), autonomic function recovery time (<7 days, 7-14 days, >14 days), and sexual dysfunction. This study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of Sun Yat-Sen University. Written informed consent was obtained from all the participants in the study.
Inclusion and exclusion criteria
The inclusion criteria were as follows: a) Age >18 years; b) Presentation of obstructive symptoms; c) Dilation of the colon; d) CT scan, MRI, or colonoscopy findings suggesting left-sided malignant obstruction; e) Histological determination of adenocarcinoma.
The exclusion criteria were as follows: a) Obstruction located proximal to the splenic flexure or distal to the rectosigmoid junction, with symptoms suggesting bowel perforation; b) Obstruction caused by a noncolonic malignancy or a benign disease; c) Septic symptoms; d) Spontaneous pneumoperitoneum; e) Adjacent small bowel involvement; f) Patients with preoperative stage VI; g) Age <18 years; h) Pregnancy.
Surgical technique
As previously described (Hemandas et al., 2010) , open colectomy was performed using a midline incision, while laparoscopy was performed using a 5-port technique and a transverse incision of approximately 5 cm for extraction of the specimen. Patients were placed in the improved lithotomy position (Sachs and Peters, 1999) with the surgeon standing on the right side of the patient. Clips or vascular staplers were used for mobilization, isolation, and ligation of the main vessels from the medial to the lateral aspect of colorectal tissues (Mehmood et al., 2011) . As previously described, total mesorectal excision was performed using monopolar diathermy for rectal cancers (Heald et al., 1982; Hemandas et al., 2010) . A wound protector was used to protect the sample extraction site, and anastomoses were performed intracorporeally. A loop ileostomy was routinely planted for mid and low rectal anastomoses for postoperative recovery of anastomotic stoma. Postoperative pain control was selectively performed using epidural catheters and patient-controlled analgesia.
Patient care was carefully managed postoperatively, and the patients were allowed home when the discharge criteria were met (Kehlet and Wilmore, 2002) . Oral bowel preparation and nasogastric tubes were routinely used. Moreover, minimal use of drains, early unrestricted postoperative oral intake of fluids and light diet, early mobilization, selected use of epidural catheters, and restricted use of narcotics were allowed (Hemandas et al., 2010) . Preoperative carbohydrate loading was not used.
Follow-up
Follow-up was performed by 1 commissioner (Yi BY) and 3 surgeons (Huang MJ, Peng H, and Zhang XW), and it included physical examination, hematological-biochemical examinations, serum carcinoembryonic antigen level assay analysis, chest radiography, and abdominal and/or pelvic CT scans every 3 months during the first year, every 6 months during the subsequent 2 years, and then once a year, as previously described . Follow-up was performed through clinic appointments, home visits, or letters/phone calls to update information constantly. The follow-up end point was September 2012.
Statistical analysis
Statistical analysis was performed using the program SPSS for Windows, version 17.0 (SPSS, Chicago, IL, USA). Demographic data for the 2 groups were compared using the Student t-test for continuous data and the χ 2 test for categorical data. The survival rate was calculated using the Kaplan-Meier method, and the differences in survival were compared using the log-rank test. The differences between the 2 groups were considered to be statistically significant if the P value was <0.05. Our statistical analysis data were checked by a statistical analyst.
RESULTS
General information
Three hundred and twenty-eight patients with CRC were included in our study after a review of patients who presented left-sided colonic obstruction and underwent surgical therapy between February 2007 and September 2012 at our hospital. Among these patients, 206 consecutive patients had low preoperative serum albumin levels, whereas 122 consecutive patients had normal preoperative serum albumin levels. Of patients with incomplete LMCO and those with complete LMCO, 165 and 64 patients, respectively, met the inclusion criteria. However, 3 patients from the incomplete LMCO group and 2 patients from the complete LMCO group died during the follow-up period. Therefore, 224 patients, including 162 patients (72.32%) with incomplete obstruction and 62 (27.68%) with complete obstruction, were finally included in the study (Table 1 ). The results show that no significant difference was observed in the baseline patient characteristics between the 2 patient groups, i.e., the complete and incomplete LMCO groups, with respect to factors such as age, gender, BMI, chemotherapy, length to anus edge, tumor size, tumor movement, macroscopic type, depth of invasion, nodal involvement, liver metastasis, surgical approach, histological grade, TNM Table 1 . Baseline characteristics of patients with left-sided malignant colonic obstruction included in our study.
Short-term outcomes
Short-term outcome analysis showed no significant differences between the incomplete and complete LMCO groups, with regard to the curative resection rates, hospital stay time, and complications such as death, peritonitis, pneumonia, UTI, incisional infection, intraabdominal hemorrhage, intraintestinal hemorrhage, uroschesis, DVT, postoperative intestinal obstruction, ureteral injury, anastomotic leakage, stoma complications, autonomic function recovery time, and sexual dysfunction. The curative resection rate was 80.86% (131/162) in the incomplete LMCO group, whereas it was 70.97% (44/62) in the complete LMCO group (P > 0.05; Table 2 ). The hospital stay time was 24.20 ± 16.01 days for the incomplete LMCO group, whereas it was 24.19 ± 12.06 days for the complete LMCO group (P > 0.05; Table  2 ). No significant differences in the overall complication rates were observed between the 2 groups, with 32.72% (53/162) overall complication rate in the incomplete LMCO group and 46.77% (29/62) in the complete LMCO group (P > 0.05; Table 2 ). Moreover, there were no significant differences between the 2 groups with respect to the main complications including peritonitis (1/162 vs 1/62), pneumonia (4/162 vs 2/62), UTI (6/162 vs 4/62), incisional infection (9/162 vs 6/62), intra-abdominal hemorrhage (2/162 vs 1/62), intraintestinal hemorrhage (1/162 vs 1/62), uroschesis (9/162 vs 2/62), DVT (3/162 vs 2/62), postoperative intestinal obstruction (8/162 vs 2/62), ureteral injury (1/162 vs 0/62), anastomotic leakage (5/162 vs 1/62), stoma complications such as stenosis (0/162 vs 1/62), necrosis (1/162 vs 0/62), exodus (1/162 vs 0/62), retraction (2/162 vs 1/62), and hematoma (1/162 vs 0/62), autonomic function recovery time (<7 days/7-14 days/>14 days, 150/8/4 vs 55/5/2), and sexual dysfunction (31/162 vs 8/62, all P > 0.05). One patient from the incomplete LMCO group died from multiorgan dysfunction syndrome in the hospital, while another patient from the complete LMCO group died from postoperative pneumonia. No ureteral injuries were observed in the complete LMCO group. In the incomplete LMCO group, 2 patients developed 3 complications simultaneously, while 6 patients developed 2 complications simultaneously. In the complete LMCO group, 1 patient developed 5 complications simultaneously (pneumonia, UTI, uroschesis, postoperative intestinal obstruction, and sexual dysfunction), another patient developed 3 complications simultaneously, and 5 patients developed 2 complications simultaneously. Patients with peritonitis were given conservative treatment in the incomplete LMCO group and surgical therapy in the complete LMCO group. Four patients from each group developed postoperative pneumonia. Six patients in the incomplete LMCO group and 4 patients in the complete LMCO group developed UTI. Two patients in the incomplete LMCO group and 1 patient in the complete LMCO group developed intra-abdominal hemorrhage, while 1 patient in the incomplete LMCO group and 1 patient in the complete LMCO group developed intraintestinal hemorrhage. Three patients in the incomplete LMCO group and 2 patients in the complete LMCO group developed deep vein thrombosis. One patient in the incomplete LMCO group developed ureteral injury. In the incomplete LMCO group, 5 patients with postoperative intestinal obstruction were given conservative treatment, whereas 2 were given surgical therapy, and 3 patients with anastomotic leakage were given surgical therapy, whereas 2 were given conservative treatment. In the complete LMCO group, 2 patients with postoperative intestinal obstruction were given conservative treatment, whereas 1 was given surgical therapy, and 1 patient with anastomotic leakage was given conservative treatment. In both groups, patients with stoma complications were given conservative treatment and were released.
Long-term outcomes
Long-term outcome analysis showed no significant differences between the complete and incomplete LMCO groups with respect to the 1-, 3-, and 5-year survival rates, recurrence rates, and recurrence-free survival rates. The mean follow-up period was 35 ± 19 months in the incomplete LMCO group and 33 ± 18 months in the complete LMCO group. During the follow-up period, 26 patients (16.05%, 26/162) in the incomplete LMCO group and 14 patients (22.58%, 14/62) in the complete LMCO group died. In the incomplete LMCO group, 25 of the 26 patients died of cancer and 1 patient died of respiratory failure, whereas in the complete LMCO group, all of the 14 patients died of cancer. The survival rates at 1, 3, and 5 years were 99.31% (143/144), 44.96% (58/129), and 33.33% (24/72), respectively, in the incomplete LMCO group, and were 96.55% (56/58), 42.86% (18/42), and 22.22% (8/36), respectively, in the complete LMCO group. There was no significant difference in the survival rates between Table 2 . Short-and long-term outcomes after colorectomy of patients with the left-sided colorectal cancer and complete or incomplete obstruction.
the 2 patient groups (χ 2 = 2.900, P = 0.089; Figure 1) , and in the survival rates at 1, 3, and 5 years, respectively (all P > 0.05; Table 2 ). The recurrence rates at 1, 3, and 5 years were 5.56% (8/144), 20.16% (26/129), and 56.94% (41/72), respectively, in the incomplete LMCO group, and were 5.17% (3/58), 23.81% (10/42), and 52.78% (19/36), respectively, in the complete LMCO group. There was no significant difference in the recurrence rates between the 2 patient groups (χ 2 = 0.138, P = 0.711; Figure 2) , and in the recurrence rates at 1, 3, and 5 years, respectively (all P > 0.05; Table 2 ). The recurrence-free survival rates at 1, 3, and 5 years were 94.44% (136/144), 79.84% (103/129), and 43.06% (41/72), respectively, in the incomplete LMCO group, and were 94.83% (3/58), 76.19% (10/42), and 47.22% (19/36), respectively, in the complete LMCO group. There was no significant difference in the recurrence-free survival rates between the 2 patient groups (χ 2 = 0.595, P = 0.440; Figure 3) , and in the recurrence-free survival rates at 1, 3, and 5 years, respectively (all P > 0.05; Table 2 ). Figure 1 . Kaplan-Meier curve shows overall survival rates for patients with normal or low preoperative serum albumin level who underwent colorectomy. Result showed no significant difference in survival rates between the two patient groups (χ 2 = 1.765; P = 0.184). Normal = normal preoperative serum albumin level group; low = low preoperative serum albumin level group. Figure 3 . Kaplan-Meier curve shows overall recurrence-free survival rates for patients with normal or low preoperative serum albumin level who underwent colorectomy. Result showed no significant difference in recurrence-free survival rates between the two patient groups (χ 2 = 0.000; P = 0.993). Normal = normal preoperative serum albumin level group; low = low preoperative serum albumin level group. 
DISCUSSION
In recent years, with the rise in the mortality and morbidity rates of CRC, malignant colonic obstruction has been causing more complicated clinical problems in CRC patients (Jimenez-Perez et al., 2011; Song and Baron, 2011; van Hooft et al., 2011) . Surgical colectomy is still considered the best and final choice for the treatment of LMCO (Song and Baron, 2011; van Hooft et al., 2011) . Different short-and long-term outcomes related to the postoperative mortality rate, recurrence rate, 5-year survival rate, and proportion of liver metastasis have been reported in CRC patients with and those without obstruction (van Hooft et al., 2011; Yang et al., 2011) . However, to our knowledge, the different impacts of complete and incomplete LMCO on the short-and long-term postoperative outcomes have not yet been investigated. Moreover, it is unclear whether different therapeutic methods should be used for treating the 2 types of obstruction if the short-and long-term outcomes of complete and incomplete LMCO surgery differ. Since the establishment of our hospital 5 years ago, we have been interested in the study of the diagnosis and treatment of LMCO and have attempted to gain further information on the treatment of LMCO. In our present study, we investigated the impact of complete and incomplete LMCO on the short-and long-term postoperative outcomes in patients.
Between February 2007 and September 2012, patients who met the inclusion criteria mentioned above were included in this study, and no significant difference was found between their baseline characteristics. As shown in the results, the curative resection rates did not significantly differ between the complete and incomplete LMCO patient groups. This may be owing to the fact that the surgeons in our hospital can achieve R0 resection and colorectal mesenteric resection irrespective of whether the LMCO is complete or incomplete (Hemandas et al., 2010) . Moreover, other indicators of short-term outcomes after LMCO surgery did not significantly differ between the incomplete and complete LMCO patient groups. The hospital stay times also did not significantly differ between the 2 groups, suggesting that postoperative recovery was affected mainly by the CRC itself, rather than by the type of obstruction . One patient in the incomplete LMCO group died from acute renal failure and multiorgan dysfunction syndrome caused by postoperative pneumonia and UTI, while another patient died from postoperative pneumonia because of a prolonged history of smoking. The patient with peritonitis in the incomplete LMCO group was given conservative treatment with antibiotics, whereas the one in the complete LMCO group was given surgical and adjuvant antibiotic therapy. In each of the 2 groups, 4 patients developed postoperative pneumonia, and all of these patients were treated with conservative therapy with antibiotics; 2 of these patients, 1 from each group, required ventilator support. Six patients in the incomplete LMCO group and 4 patients in the complete LMCO group developed UTI, and all of these patients were treated with conservative therapy with antibiotics. Two patients in the incomplete LMCO group and 1 patient in the complete LMCO group developed intra-abdominal hemorrhage, while 1 patient in the incomplete LMCO group and 1 patient in the complete LMCO group developed intraintestinal hemorrhage; all of these patients were treated using the surgical approach. Three patients in the incomplete LMCO group and 2 patients in the complete LMCO group developed deep vein thrombosis and received anticoagulant and thrombolysis therapy. Early activity of the postoperative lower extremity was recommended in all of these patients, and none of the other patients de-veloped thrombosis. Hemostatic medicine was not regularly used. One patient with ureteral injury in the incomplete LMCO group received surgical treatment and recovered. However, these indicators of short-and long-term outcomes did not differ significantly between the 2 groups. Seven patients with postoperative intestinal obstruction were given conservative treatment, whereas 3 patients were given surgical therapy; moreover, 3 patients with anastomotic leakage were given surgical therapy, whereas 3 patients were given conservative treatment. Stoma complications were also similar in patients. In the complete LMCO group, 1 patient presented stenosis, whereas in the incomplete LMCO group, 1 patient presented necrosis, 1 presented exodus, and 1 presented hematoma. Two retractions occurred in the incomplete LMCO group, and 1 in the complete LMCO group. All patients with stoma complications were given conservative treatment and were released. The overall rate of stoma complications was low because our postoperative nursing techniques were excellent, and the first and biggest stoma therapeutic school was established in China by our team. The 2 patient groups also showed similar postoperative sexual dysfunction rates and autonomic function recovery times. Above all, the main complications of short-term outcomes, including curative resection rates, hospital stay times, and complications such as death, peritonitis, pneumonia, UTI, incisional infection, intra-abdominal hemorrhage, intraintestinal hemorrhage, uroschesis, DVT, postoperative intestinal obstruction, ureteral injury, anastomotic leakage, stoma complications, autonomic function recovery times, and sexual dysfunction, did not significantly differ between the 2 patient groups.
No significant difference was found in the survival, recurrence, and recurrence-free survival rates, and the 1-, 3-, and 5-year survival, recurrence, and recurrence-free survival rates, respectively, indicating that the long-term outcomes may be associated with the patient characteristics themselves and the surgical treatment approach, rather than the types of obstruction. Moreover, CRC recurrence is still the most influencing factor of prognosis, because only 2 of the 40 patients did not die of cancer, but of respiratory failure or multiorgan dysfunction syndrome. No difference in the short-and long-term outcomes was found between the 2 patient groups, and therefore, it may not be necessary to differentiate between the therapeutic methods for LMCO treatment, except in the case of emergency treatment for obstruction, such as emergency surgery.
One limitation of our study is that we did not distinguish between emergency surgery and selective operation because it has recently been reported that selective surgery has no clinical advantages over emergency surgery, because conversion of an emergency surgery to a selective one did not show any advantages (van Hooft et al., 2011) . The other limitation is related to the preoperative tumor biomarkers used in this study. The level of carbohydrate antigen 19-9 ranged from the normal level of approximately 20 to a highest value of >30,000. The carbohydrate antigen 19-9 level was 93.88 ± 481.66 in the incomplete LMCO group, whereas it was 3842.78 ± 23198.42 in the complete LMCO group. However, there was no significant difference in the values between the 2 groups (χ 2 = 1.754, P = 0.081; Table 1 ).
CONCLUSION
The 2 types of obstruction, i.e., complete and incomplete LMCO, had no impact on the short-and long-term outcomes after colorectal resection. Similar therapeutic methods can be used for treating both complete and incomplete LMCO.
